The European electronics industry faces a strong competItlOn with far eastern and US manufacturers. They have to respond with improved flexibility to changing requirements and collaborate across the supply chain effectively capitalizing on collaborative decision making. On operational levels a lot of concepts and tools have been implemented, which support automatic information exchange to optimize the supply chains. However, the collaboration on tactical and strategic levels is not supported; especially new forming non-hierarchical networks are concerned. This paper describes the problem analysis as a basis for the project approach and first findings gained from four industrial use cases. The goal of the CONVERGE project is to fill the existing gap regarding collaboration on tactic and strategic level by providing a framework and tools for exchanging tactical and strategic information.
Introduction
The electronics industry is characterized by a high degree of collaboration. Newly forming supply networks require a high degree of communication, not only on the operational level, but concerning tactical and strategic decision levels too. This article aims to investigate the requirements of a structured information flow between different companies of supply networks. Thus, default processes were examined together with industrial partners from four European countries. The processes were mapped using the Business Process Modelling Notation; the decisional structures were mapped using the GRAI methodology. As GRAI aims to map the decisional structures of a single company, the methodology was enhanced to suite the problem analysis.
The first section introduces the electronics industry and the problems concerned with supply networks. The second section describes the mapping process, as well as the extensions to the GRAI approach. The third section provides the analysis' results.
Electronics Industry in various Supply Chains
Companies of the electronics industry act as suppliers to many other industry sectors, such as the automotive sector or mass markets. Modem electronic products evolve away from simple electronic circuits designed to carry out one function to complex circuits with their own program logic. Due to the highly competitive international market, companies of the electronics industry need to collaborate closely to be able to compete. One critical aspect regarding such collaborations is the sharing of tactical and strategic information. This requires mutual trust and reliability. It is also important that decision makers receive tactical and strategic information as soon as possible, otherwise delays might cause additional costs [cf. Muller et aI., 2008] .
The electronics industry is a highly heterogeneous industry sector, which cannot be restricted to mass market products, such as mobile phones, TV s, PCs etc., which are produced in millions and even billions of pieces a year. These only represented 53% of the electronics industry in 2008 [DECISION, 2009] . The electronics industry also covers professional electronic equipment, such as embedded electronics in transport, defence equipment, IT infrastructure as well as electronics in manufacturing.
The electronics industry is a fast developing market segment with strong global competition and rapidly changing production structures. Rapidly advancing technology leads to frequent product changes and short production runs in application segments. To stay competitive European companies respond with flexibility to changing requirements and collaborate in different supply chain networks. Additionally, the development and production processes have changed.
Companies have to react flexibly to constantly changing customer requirements, in particular during the development phase [Kennel, 2009] .
Relation to Existing Theories and Work
Supply chain management (SCM) and other similar concepts, like value chain management and network sourcing management have become subjects of increasing interest to both academic and industrial communities [Christopher, 2005; Hines, 2004; Cousins et aI., 2008; Lambert, 2008] . A supply chain consists of many value-adding nodes. Each of these nodes receives inputs and combines them in various ways in order to deliver numerous outputs for multiple consuming nodes. A supply chain actor can take part in several supply chains at the same time [Lambert et aI., 2000] . The systematic and strategic coordination of operational functions and procedures inside the company and between the supply chain members is the scope of SCM [Mentzer, 2001] . Shenhar et aI. [2001] state, that collaboration within the supply chain depends on technical aspects. Processes in collaborative networks and reference modelling aspects are stated in Camarinha Matos [2008] . As given in Figure 1 , the information flow on the operational level is well structured [Krcmar, 2005] . However, the information flow on strategic and tactical levels is unstructured.
To enable a closer collaboration, companies require a higher level of coordination on tactical and strategic management level and therefore new concepts for data and information sharing with network partners. Managers have to distinguish between shareable and non shareable information in a new manner. Conceptual and tool support for this is required.
2 Problem analysis and findings towards an improved information flow
Procedure of problem analysis
Four industrial partners from the European electronics industry were analysed regarding the existing information exchange with suppliers and customers. Every company is involved in several supply chains. Identification of relevant supply chains was the first step of the problem analysis. The main criterion for identification is the organisation of the supply chain in a non hierarchical manner regarding the focused process. Three out of four industrial partners identified the development process of new products as relevant for the investigation. These three companies are supplier for automotive and aviation industry. The manufacturing process is in the focus of consideration for one industrial partner. In this case the customers are from the defence sector. Because of this, the problem analysis of the development process and the findings are described in the following.
The development process was mapped at the industrial partners using the Business Process Modelling Notation (BPMN). Afterwards, each information exchange with customers and suppliers during the development process was identified and analysed regarding the technical support. Product specification and technical drawings as well as delays of the delivery date and results of material tests are examples of exchanged information. The GRAI method, which is described in the next section briefly, was used to map the information and decision flow inside the industrial partners. It has been shown that an extension of the traditional GRAI method is necessary because it is not possible to map cross company information exchange in case of an event based process like the development process. First results of the GRAI extension are described below. Following the identification and mapping of processes and information exchange, generic requirements towards an improved information exchange were defined.
GRAI modelling approach and decision framework
GRAI methodology [Doumeingts, 1985J focuses on customer-supplier relation, using the decision-making process modelling. In this approach a decision level is an abstract concept used to represent decision-making hierarchy. It is defined by a pair of values for horizon and period (H, P). At a given decision level, all decisions made will have the same pair of values for horizon and period. A particular decision level may be mapped to one of the three basic time categories (long-term, medium-term, and short-term). Decisions made in a company can belong to various functions (supplying, planning, maintenance, etc.).
GRAI methodology has been applied and its reliability been verified through numerous industrial applications [McCarthy, 2002J. Moreover, GRAI methodology is a practical approach to be used to work with industrial partners, using the GRAI grid (see Figure 2) . A decision centre by the definition is a set of decisions made at one level and belonging to one functional domain. To co-ordinate and synchronize decision-makings, decision links (decision frames) and feedbacks should relate decision centres together.
As shown in figure 2, there are two types of links between decision centres: information link (simple arrow) and decisional link (double arrow). These links allow to model coordination mechanisms between all decisions.
Modelling interactions between suppliers, a focal company and customers by using GRAI grids can be done by providing all necessary models of these actors. 
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• To negotiate '" strategy markets Different standard processes have been analysed at the four industrial partner's sites. The product development process with its interactions to external partners is shown in figure 3 exemplarily. As a result of the problem analysis, it became apparent that most of the information is exchanged by email, phone or fax. That means that the exchange is directed to one person or a small group of persons. The internal treatment of transmitted information often depends on the receiver because of missing standardised procedures. It became clear, that there is no formalised process of information exchange. Some partners have departments for the communication with customers and suppliers. Employees at these departments are not responsible for product development quality management. This means that information must be redirected internally and this may cause critical delays and lost information in the worst case. Additionally, it turned out that the range of exchanged information depends on personal preferences and trust between involved persons.
To make strategic and tactical decisions in networks, decision makers need sufficient data and information. Companies need to have access to information across the supply chain, e.g. about changes or occurring problems. To react more precisely and faster, companies need to be aware of potential tactical and strategic decisions of their suppliers and customers. They also must be aware of information which may influence decisions of supply chain partners. This information must be provided by network partners independently from the person in charge. Therefore, technical support is required by the industrial partners. There are several conditions the technical solution has to fulfil and thus the following general requirements could be extracted from problem analysis of industrial partners:
Selection of information: Once information sources are connected, the information must be selected carefully. A system must be setup, which supports the classification of information and provides or requests them based on the information content.
Connectivity to different platforms: There exists a great variety of information sources which must be connected. Furthermore, a multitude of interfaces has to be provided, to enable external systems to connect to the focal company's information systems and to get access, for example to requirement changes or announcements.
Control of information flow: Provided information must be made available to according people and departments automatically. Additionally, the information must be collected and assembled automatically before a request is provided. Communication traces must be stored to accelerate the information exchange and to ensure quality.
Availability of collaborative information: With respect to collaborative work it is necessary to access and to provide information concerning overall constraints. Relevant information concerning the supply chain must be distributed immediately throughout the whole system. Security of information / information exchange: Security regulations must assure that information is only available to authorised people. This requirement is inherent to the defence sectors strict confidentiality issues. Although the CONVERGE system' s aim is to share information, it must assure a secure storage and transmission of information. Nowadays, access to critical information is only provided in printed out form to prevent unauthorised access.
Conclusion
To stay competitive European electronics industry needs to collaborate as effectively as possible across the entire network of suppliers. The tradition of rigidly hierarchical supply chains has begun to change already, as companies are developing components and systems together and share information more freely. For some isolated cases this works well, but has not yet become the standard. The exchange of operational information is well supported by existing tools. However, tactical and strategic information exchange still occurs in an ad-hoc way. First findings In the later course of the project, models, concepts and tools will be developed to support coordination of non-hierarchical networks and decision making all along supply chains based on relevant and up-to-date-information.
